Our aim is to describe the effect of circulating anti-endothelial cell antibodies on the endothelial dysfunction, inflammation and early structural changes of the vascular wall that surround peripheral arterial disease. For this purpose, an observational translational controlled study was carried out. We included 32 patients with symptomatic peripheral arterial disease and 16 healthy control individuals with no previous autoimmune disease. We assessed the flow-mediated arterial dilatation as a marker of endothelial function, the carotid intima-media thickness and the plasma levels of C-reactive protein in all the subjects. Circulating anti-endothelial cell antibodies were detected with indirect immunofluorescence. We found a higher prevalence of these autoantibodies in patients than in controls (40% vs. 6%; P=0.01). Flowmediated arterial dilatation was lower in subjects with anti-endothelial cell antibodies [3.10% (0-5.05%) vs. 12.54% (6.74-18.40%); P<0.01]. Carotid intima-media thickness [1.04 (0.78-1.17) vs. 0.72 (0.54-1.02) mm; P=0.01] and C-reactive protein level [10.00 (3.50-14.80) vs. 3.00 (3.00-6.95) mg/l; P=0.01] were higher in subjects seropositive for these autoantibodies. We concluded that circulating anti-endothelial cell antibodies could be associated with peripheral arterial disease in individuals with no previous autoimmune disease; however, further prospective studies are required to establish a causal relationship.
Introduction
Currently, there is a wide variety of data pointing to a possible autoimmune origin for atherosclerosis. In this context, anti-endothelial cell antibodies are a heterogeneous group of circulating antibodies targeting endothelial cells and detected in different vasculitic, inflammatory or autoimmune situations whose common denominator is endothelial damage [1] . These autoantibodies have also been detected in coronary artery disease, associated with unstable angina, clinical recurrence and re-stenosis after percutaneous transluminal coronary angioplasty [2] . Anti-endothelial cell antibodies target a wide variety of self-antigens in the extracellular matrix and endothelial membrane [3] [4] [5] .
These autoantibodies have various physiopathological effects arising from scarcely known mechanisms, such as induction of apoptosis [6] , cytotoxicity [7] , increase in leukocyte adhesion and cytokine secretion [8, 9] , activation of coagulation and thrombosis.
Our aim here is to describe the effect of anti-endothelial cell antibodies on the endothelial dysfunction, inflammation and structural changes in the vascular wall that surround peripheral arterial disease in order to provide new insights in the field of the etiological pathophysiology of atherosclerosis.
Methods
An observational translational controlled study was conducted that included 32 patients with symptomatic peripheral arterial disease of the lower limbs: 23 with Fontaine stage II (intermittent claudication; group A), and nine with Fontaine stage III-IV (ischemic rest pain and/or focal tissue necrosis; group B), after hemodynamic confirmation of the disease (Doppler scans and treadmill exercise testing) and/or from imaging tests (echo Doppler scans, arteriography or magnetic angioresonance). No patient included had been previously revascularized or was presenting with active or infected tissue necrosis lesions. The control group included 16 healthy subjects with normal results on vascular examination and no cardiovascular risk factors who were not in receipt of pharmacological treatment, matched by sex and by age to within two years of the study subjects. All subjects signed an informed consent form, according to the principles of the Helsinki Declaration. The study protocol was approved by our Hospital Ethics Committee.
New Ideas
All those subjects with a documented diagnosis of autoimmune or rheumatological disease, those who had been transplanted or were immunosuppressed, and those being treated with immunosuppressant or systemic and/or inhaled corticosteroids, were excluded. The remaining subjects underwent serological screening for autoimmune, rheumatological and neoplastic markers. All subjects seropositive for any marker were also excluded from the analysis.
Cardiovascular risk factors, medical treatment and clinical condition at the time of inclusion were all recorded. We assessed the flow-mediated arterial dilatation as a marker of endothelial function. Carotid intima-media thickness was measured as a marker of early macrovascular arterial wall damage. Laboratory determinations were carry out that included basic clinical chemistry (blood glucose, renal function and electrolyte levels) and lipid profile. Plasma concentrations of C-reactive protein, as a systemic marker of inflammation, were assessed using a highly sensitive, automated immunoassay Roche Diagnostics (Mannheim, Germany). Circulating anti-endothelial cell antibodies were detected with indirect immunofluorescence using a diagnosis reagent kit with a titerplane technique as explained below. One single observer performed the ultrasound determinations using a 10 MHz linear transducer. A longitudinal image of the artery being studied was obtained, adjusting the depth and gain to optimize visualization of the intimamedia interface. An independent observer, blinded to the test circumstances and the characteristics of the studied subjects, carried out the measurements. All the subjects studied were at rest for 10 min before the echographic determinations were conducted.
Determination of flow-mediated arterial dilatation
The brachial artery was located proximal to the antecubital fossa, and a longitudinal image was obtained. Three measurements of the arterial diameter were determined, coinciding with the final diastolic phase of the Doppler curve, and the mean value was calculated. A blood pressure cuff was placed distal to the measurement site and inflated to a pressure of 250 mmHg for five minutes. New measurements of the arterial diameter in final diastolic phase were then obtained 60 s after the cuff had been deflated. There were no variations in environmental conditions during the different measurements.
Flow-mediated arterial dilatation was defined as the difference between the baseline diameter and the post-ischemia diameter, with respect to the baseline diameter and expressed as a percentage: (post-ischemia diameter -basal diameter/basal diameter) ×100%. This technique has been previously validated in our laboratory [10] .
Determination of intima-media thickness
A longitudinal image of the common carotid artery at 1 cm from its bifurcation was obtained. Three measurements of the intima-media thickness of the posterior wall of the vessel were taken in the final diastolic phase of the Doppler curve. The same protocol was then applied to the contralateral common carotid artery. Intima-media thickness was defined as the mean of the six measurements obtained from the two carotids.
Detection of circulating anti-endothelial cell antibodies
Anti-endothelial cell antibodies titer was measured by indirect immunofluorescence using a diagnosis reagent kit from EUROIMMUN (Medizinische Labordiagnostika AG, Luebeck, Germany) with a titerplane technique. This technique provides 100% sensitivity and specificity for the detection of anti-endothelial cell antibodies. Serum samples were collected from all the subjects. Endothelial cells cultivated from umbilical vein covered the reaction areas of a BIOCHIP. The slides were incubated with diluted serum sample.
Positive reactions were marked by granular staining in the cytoplasm of human umbilical vein endothelial cells using fluorescein-labeled antibodies and were visualized by fluorescence microscopy. Titers below 1:10 represent the reference range. Subjects were classified into 'Low autoimmune activity' (titer <1:100) and 'high autoimmune activity' (titer ≥1:100).
Statistical analysis
Differences between groups were considered statistically significant at P<0.05 in a two-tailed test. The normality of continuous variables was analyzed using the Kolmogorov-Smirnov and Shapiro-Wilk tests. The association between categorical variables was studied using the χ 2 -test and the Fisher's exact test when required. The association between continuous variables was analyzed using the Mann-Whitney U-test. Continuous variables are expressed as the median [interquartile range (p25 -p75)], and the categorical variables as percentages.
Results
All the anti-endothelial cell antibodies detected were IgG isotype, and all the serum samples reacted against proteinase 3, collagenase and β 2 -glycoprotein I antigens. We found a higher prevalence of these autoantibodies in patients with peripheral arterial disease than in the control subjects [13 (40%) vs. 1 (6%); P=0.01], but their frequency was similar between group A and group B [9 (39%) vs. 4 (44%); P=0.70]. There was a higher prevalence of 'high autoimmune activity' in patients with claudication (group A) than in patients with critical limb ischemia (group B), although no statistically significant differences were observed [six (26%) vs. one (11%); P=0.64]. The characteristics of the included subjects are presented in Table 1 .
Relationship between circulating anti-endothelial cell antibodies and flow-mediated arterial dilatation
Flow-mediated arterial dilatation was lower in subjects with circulating anti-endothelial cell antibodies. When we analyzed the flow-mediated arterial dilatation according to stratification by autoimmune activity, we observed that subjects with 'high autoimmune activity' presented lower values than subjects with 'low autoimmune activity' (Fig.  1) . Flow-mediated arterial dilatation was lower in patients with peripheral arterial disease than in healthy subjects 
Discussion
In this study, we have observed an association between the presence of circulating anti-endothelial cell antibodies and peripheral arterial disease. This association should not be explained by the coexistence of an autoimmune disease, as any condition that could have had an impact on the immune system of the analyzed subjects was excluded.
Anti-endothelial cell antibodies may cause endothelial damage through direct (apoptosis and cytotoxicity) and indirect (inflammation) mechanisms [1, 7] . In this context, some published data have suggested that these autoantibodies might cause endothelial cell apoptosis via the nitric oxide pathway [11, 12] . These findings are of great interest, considering that endothelial dysfunction, which behaves like a primary pathogenic atherosclerotic
Relationship between circulating anti-endothelial cell antibodies and C-reactive protein levels
We found higher levels of C-reactive protein in subjects with circulating anti-endothelial cell antibodies and in 'high autoimmune activity' subjects (Fig. 2) . Levels of this inflammatory marker were also higher in patients with peripheral arterial disease than in control subjects [8. 
Relationship between circulating anti-endothelial cell antibodies and intima-media thickness
Intiman-media thickness was higher in subjects with circulating anti-endothelial cell antibodies and in 'high autoimmune activity' subjects (Fig. 3) . This marker of subclinical disease was also higher in patients with peripheral arterial disease than in healthy subjects [1.00 (0.80-1.15) vs. 0.61 In previous studies, we observed a correlation between the plasma nitrite concentration and endothelial dysfunction measured by flow-mediated arterial dilatation [13] , and in the current sample, subjects with circulating anti-endothelial cell antibodies presented lower values of this endothelial function marker. Moreover, those subjects with a high titer of these autoantibodies also showed a lower flow-mediated arterial dilatation. These data suggest that autoimmunity could be closely associated with the endothelial dysfunction present from the initial stages of peripheral arterial disease. On the other hand, these autoantibodies could activate endothelial cells through a nuclear factor kB dependent mechanism, inducing an endothelial inflammatory phenotype [8, 9] . In this context, we have found higher levels of C-reactive protein in subjects with circulating anti-endothelial cell antibodies and in 'high autoimmune activity' subjects. We know that this plasma protein is able to alter nitric oxide bioavailability by interacting with nitric oxide synthase, an enzyme that, at the same time, is dysfunctional in an oxygen free radical-rich environment. Thus, inflammation could maintain the endothelial dysfunction generated in the first stages of peripheral arterial disease through a vicious circle supported by redox disequilibrium [13] . The relationship found between circulating anti-endothelial cell antibodies and C-reactive protein levels suggests that autoimmunity could play an important role in the genesis of the chronic inflammation observed in patients with peripheral arterial disease. According to published data, it is possible that this inflammatory process associated with autoantibodies might act by perpetuating the endothelial dysfunction and causing endothelial damage.
In this study, all the samples analyzed showed reactivity against β2-glycoprotein I. Antibodies against this antigen might be able to trigger an endothelial signaling pathway comparable to that used by the interleukin-1 receptor/Toll-like receptor superfamily [14] . Toll-like receptors are a key component of the innate immune response against infection. Molecular mimicry of these glycoproteins with microbial products could justify a Toll-like receptor-dependent inflammatory response when anti-β 2 -glycoprotein I antibodies are present. One of the manifestations of early morphological effects in atherosclerosis is an increase in the carotid intima-media thickness. High values of this measurement are markers of subclinical disease and influence the prevalence and prognosis of atherosclerosis [15] . In our sample, intima-media thickness behaved as an immune response marker, as high values were associated with the presence of circulating anti-endothelial cell antibodies. We also found an association between the autoantibody titer and intima-media thickness. In this way, a hypothesis could be made about the potential relationship of circulating anti-endothelial cell antibodies with the progression and prognosis of peripheral arterial disease, as its pathogenic mechanisms could justify the instability of the atheromatous plaque. This hypothesis is coherent with previous findings in coronary patients, in whom an association was observed between circulating anti-endothelial cell antibodies and unstable angina and re-stenosis after percutaneous transluminal coronary angioplasty [2] . The immune response that occurs in atherosclerosis is complex and cannot be reduced to the role played by a single autoantibody. However, in our sample, the presence of circulating anti-endothelial cell antibodies was associated with peripheral arterial disease in individuals with no previous autoimmune disease. Moreover, we found an association of this autoantibody with markers of endothelial dysfunction, early macrovascular arterial wall damage and inflammation. In this sense, the pathogenic mechanisms associated with anti-endothelial cell antibodies make it biologically feasible to assume that autoimmunity could play an important role in the genesis and the development of atherosclerosis. The observational translational design of this study allowed us to obtain valid results with the sample size used, which could be applicable in the developing our understanding of the etiopathogenesis of atherosclerosis.
Conclusions
In conclusion, circulating anti-endothelial cell antibodies could be associated with peripheral arterial disease in individuals with no previous autoimmune disease. However, further prospective studies are required to establish a causal relationship.
